Whole genome sequencing of consanguineous families reveals novel pathogenic variants in intellectual disability
To the Editor:
Despite recent progress in identification of recessive intellectual disability (ID) genes, many recessive ID genes remain to be identified.
In this study we aimed to identify pathogenic variants in families that had previously gone through whole exome sequencing (WES) and chromosomal microarray analysis. 1 Six consanguineous families (4 trios and 2 quads) were selected for whole genome sequencing (WGS),
where the proband had an ID or developmental delay (DD) diagnosis in combination with dysmorphology/congenital malformations. WGS was performed to 30× coverage with Illumina HiSeqX using standard protocols. Sequence reads were mapped to human reference genome Hg19. Variants were called and filtered as previously described, 1 followed by structural variation analysis. Variants of interest were verified by Sanger sequencing.
Seven novel variants were identified in the six families (Table 1) .
Six of the variants showed recessive inheritance, that is, homozygous in the patients and inherited from heterozygous parents, and a de novo deletion was identified in a female patient in the X- FRMD4A is a candidate ID gene reported in only a single large pedigree, with a homozygous frame-shift variant. 5 The homozygous missense variant identified in FRMD4A (case 6) does not have any of the previously described features apart from ID, which is mild in our case. One explanation could be that missense variations in FRMD4A will give rise to an alternative phenotype, potentially supported by the ExAC z-score for missense variants (z = 3.23).
Nevertheless, we cannot rule out the contribution of FRMD4A to ID in our patient.
Six of seven identified variants resided within coding sequence and yet they were not identified using WES. Sequence capture In summary, we provide supporting evidence of extending the phenotype of Steel syndrome, to also include hearing impairment and ID. This study shows that WGS is a highly efficient strategy to provide a molecular diagnosis for ID in consanguineous families and gave a high diagnostic yield in families where previous WES failed to yield a diagnosis. 
